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LETTER OF PROMULGATION

This curriculum guide was written to provide guidelines for
the NROTC course of instruction in Naval Ships Systems II
(Weapons) . The lesson guides contain learning objectives which
support the Professional Core Competencies. It is incumbent upon
the instructor to ensure that all competencies are taught.

In addition, this course also focuses on the moral and
ethical responsibilities of military leaders, as well as the
personal qualities required for effective leadership. Although
three 1lectures focus on these objectives, instructors should
include discussions of leadership in as many lectures as possi-
ble.

Instructors are encouraged to use their own expertise to
supplement the course. The course may be modified with the
approval of the Professor of Naval Science, provided all
professional core competencies stated in this guide are mastered
by the midshipmen.

This course is approved for implementation upon receipt.
Naval Ships Systems II (Weapons), CNET P1550/1 (4-96), is hereby

canceled and superseded.
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DEFI NI TI ON OF MEASUREMENT TERMS

Know -

Exanpl es:

Conpr ehend -

Exanpl es:

Apply -

Exanpl es:

Denpnstrate -

Exanpl es:

Recal | facts, bring to mnd the appropriate
mat eri al ; recogni ze know edge.

Know t he obj ectives of damage control aboard
shi p.

Know t he safety procedures used to provide
the fullest neasure of safe small boat
oper ati ons.

Interpret principles and concepts and rel ate
themto new situations

Conpr ehend the mssion of the U S. Navy and
the U S. Marine Corps.

Conpr ehend the concepts of internal forces

(e.g., stress, strain, shear).

Utilize know edge and conprehensi on of
specific facts in new relationships with
ot her facts, theories, and principles.

Apply correct plotting procedures when
navigating in piloting waters.

Apply correct procedures to determ ne tines
of sunrise and sunset.

Show evi dence of ability in performng a
t ask.

Denonstrate third-class swimmng skills and
wat er survival skills.

Denonstrate the correct procedures used in
radi o-t el ephone conmmuni cati ons.




PROFESSI ONAL CORE COVPETENCY OBJECTI VES

The follow ng professional conpetency objective statenents for

this

course are taken from the Professional Core Conpetency

Manual for O ficer Accession Prograns pronul gated in 1996.

1.

The student will conprehend the noral and ethica
responsibilities of the mlitary | eader.

a. The student will conprehend the | eader's noral and
ethical responsibilities to organization and society.

b. The student will conprehend the relationship of
integrity, noral courage, and ethical behavior to
authority, responsibility, and accountability.

The student will conprehend the foll ow ng personal qualities
and be able to relate themto a | eader's effectiveness:

a. Loyalty

b. Honor

c. Integrity
d. Courage (noral and physical)

The student will know the basic characteristics and
capabilities of the mmjor weapons systens and platforns of
the U S. naval forces.

a. The student w Il know the designations, characteristics,
capabilities, and m ssions of ships, aircraft, and weapon
systens of the U S. Navy and U.S. Marine Corps.

b. The student will know the role of active and passive
el ectronic warfare and their enploynent in the fleet.

c. The student will know the significance of intelligence in
the application of naval warfare.

The student will know the concept of naval comand and
control within the armed forces.

a. The student will know how the follow ng doctrine
contributes to the basic sea control and power-projection
m ssion of the naval service: C' warfare (command,
control, communi cations, conputers, and intelligence).

b. The student will know the basic concepts of the detect-
t 0- engage sequence.



The student will be famliar with procedures for effecting
comuni cations security, including the conmon causes of
security conprom se and safeguard to prevent unauthorized
di scl osure.

The student will conprehend the basic application of

el ectroni cs systens, comunications theory, and

el ectromagnetic wave theory to maritine and nava
applications in radars, comunications, and radi o-navigation
syst ens.

a. The student will know the theory of operation and key
conponents used with naval electronics and conmuni cati ons
systens, i ncluding:

(1) Anplifiers

(2) Antennas

(3) Power Anplifiers
(4) Gscillators

(5) Filters

(6) Wavegui des

b. The student w Il know the fundamental neans of inparting
information to radio waves and will conprehend the uses,
advant ages, and di sadvant ages of the various neans.

c. The student will know the use of conputers and digital
electronics in naval and maritinme conmuni cati ons.

d. The student will know wave theory, including the
rel ati onshi p between frequency and wavel engt h.

e. The student will know refraction, polarization, and
propagation as related to el ectromagneti c waves.

f. The student will know the definition of the effects of
ground plane, free space, re-radiation, sky waves, space
waves, ground waves, and tropospheric waves.

g. The student will know the characteristics, advantages,
and di sadvantages of various conmunication frequency
ranges.

h. The student will be able to apply radar theory and
conprehend basic operation, major components, and
par anet ers.
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i. The student will know radio theory, basic operation
maj or components, and paraneters.

j. The student will know basic electromagnetic interference
factors in ship and weapon desi gn.

The student will conprehend the physical properties
associated with sound travel in water and the application of
t hese properties to sensing and detection systens.

a. The student will conprehend sound propagation, including
Snell's Law, effects of tenperature, pressure, and
salinity, sound velocity profiles, sound ray traces,
sound channel s, and convergence zones.

b. The student will conprehend sound propagation |oss,
i ncl udi ng spreadi ng and absor pti on.

c. The student will conprehend the concepts of self and
anbi ent noi se.

d. The student will apply the active and passive sonar
equati ons.

e. The student will conprehend basic transducer and

hydr ophone t heory.

f. The student will conprehend the differences between
active and passive sonar systens; contrast the advantages
and di sadvant ages of each.

g. The student will conprehend the basic properties of ocean
currents.
The student will conprehend the basic principles of fluid

dynam cs and be able to apply themin shipboard situations.

a. The student will know the concepts of |ift and drag,
at nospheric properties and effect, subsonic and
supersonic flow characteristics and high speed
aer odynam cs.

b. The student will know aerodynam ¢ and hydrodynam c
controls.

The student will conprehend and be able to apply the basic
geonetry of the fire control problem and applicable
principles of internal and external ballistics, propulsion,
| aunchi ng, and gui dance.

a. The student will conprehend the basic concepts of
relative notion, bearing rate, and speed across and in
the line of sight.
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10.

11.

The
i ncl

The
and

The student will know the basic factors of the fire
control problem

The student will conprehend the factors effecting
solution of the fire control problem

student wi Il conprehend counterneasure principles,
udi ng basic principles of electronic warfare.

student will conprehend the basic application of space
el ectronic warfare in naval operations.

The student will know the mlitary space roles, including
the role of space systens in strategic and tactica
command and control architectures.

The student will know the mlitary opportunities and
applications in space.

(1) The student will know the principles of space-based
conmuni cat i ons.

(2) The student will know the basics of space-based
renote sensing and applications to space-based
surveillance opportunities.

The student will know how to utilize space assets and
information for m ssion planning.
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LESSON TOPI CS

LESSON
NUMBER  TITLE
1 I nt roducti on/ Weapons Syst em Overvi ew
2 Ener gy Fundanental s
3 Radar Principles and Systens
4 Feedback Control/Automatic Tracking Systens
5 Track- Wi | e- Scan ( TWB)
6 El ectroni ¢ Scanni ng and the Phased Array
7 Case Study: USS Vi ncennes
8 Electronic Warfare
9 C'I SR and Information Warfare
10 Princi pl es of Underwater Sound
11 Underwat er Detection and Tracki ng Systens
12 M litary Expl osives/Warheads
13 Fuzi ng
14 Q@ui dance and Control Principles
15 Weapon Propul sion and Architecture
16 Case Study: OOD M dwatch
17 Launchi ng Systens
18 Fire Contro
19 M ne Warfare
20 U.S. Navy and Marine Corps Platforns and Wapons
21 Case Study: Aircraft Mshap |ncident

Tot al :

HOURS

RPARNNEFEPENEFEENNONNNEERENONE
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| NSTRUCTI ONAL Al DS

1. Videotapes: See Videotape List.

2. Power Point Presentations/Slides: The PowerPoint
presentations for the Weapons | essons are avail able fromthe
Weapons Course Coordinator. Slides can be acquired from many
sources. The list of contacts belowis only a parti al
l'isting.

Def ense Visual Informati on Center
Conrm  (909) 413-2522/2514/ 2515
DSN:  348- 1522/ 1515/ 1514

The Defense Visual Information Center researchers can supply
sl i des, photographs, transparencies, and notion videos on naval
pl at f or ns.

Aegis Program O fice
Public Affairs Oficer
Comm (703) 602-7249, DSN:. 332-7249

The Aegi s Program PAO can supply slides, viewgraphs, and vi deos
on the Aegis weapon system Call for details.

3. Instructional Mterials
Over head Proj ector 35mm Sl i de Proj ector
Tel evi si on Moni tor VHS Tape Pl ayer

LCD Proj ector

4. Transparency Masters: The transparency masters, which can
al so be used as student handouts, are distributed by CNET.
Copyri ght approval has been granted to utilize these nasters.

5. Internet Wb Sites: Nunmerous worl dwi de web network sites are
avai l abl e for exploration. Instructors should be aware of
the following sites (at a m ninun) and shoul d encour age
students to "surf the net" for additional information.

Surface Warfare O ficers School Command: www. swos. navy.ml/

Navy Fact Files: ww. navy.ml/navpalib/factfile/ffiletop.htm

US MC Research Center: ww.usnc.ml/factfile/default.htnl

Weapons Department, USNA: http://wseweb. ew. usna. edu/

6. Oher Aids: Oher information and instructional aids may be
acquired fromsources listed in Defense Contractors and O her
Sources of Information (page xvi). Jane's Naval Wapon
Systens also |ists defense contractors wth addresses and
phone nunbers.

X
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VI DEOTAPE LI ST

Vi deot apes are extrenely useful in highlighting key points
and giving visual denonstrations. Instructors should not,
however, rely on a video to cover a whole subject area, but
rat her should use them as supplenental material. It nay be
best to use short clips of videos instead of the entire

| ength. Instructors have sonetines been di sappoi nted using
vi deos, since they nmay not introduce nmaterial in the desired
order, may enphasi ze points other than those the instructor
wants to enphasize, and nay take too little or too nmuch tine
to cover the subject. Videos do allow al nost any training
environnment to be brought into the classroom which is the
benefit of not relying entirely on |lecture or printed
materi al s.

The list that follows was conpiled using the Defense

Aut omat ed Visual Information System (DAVIS) and the nopst
recent electronic media product catal ogues. The DAVIS gives
a synopsis for each video, although it lists sonme obsolete
and non- Navy products. The Norfolk and San Di ego nedi a
center catalogs list all current Navy products held at those
centers, organized by title and topic. These catal ogs do not
i ncl ude descri ptions.

Only those productions found in the nmedia center catal ogs or
distributed by CNET are included in this list. Each
production is listed within a specific | esson and incl udes
the production identification nunber (PIN), year of
production (year), length in mnutes (tine), and availability
at the Norfolk (NF) and San Diego (SD) libraries (avail).
The vi deot apes avail abl e through CNET do not have a PIN or an
avai lability location. All videos listed are uncl assified.

Instructors can sel ect videos based on the Videotape List,
the synopsis in the DAVIS, or the title and topic listings in
the nmedia center catalogs. The nmedia centers can provide a
synopsis for a video if the instructor cannot find this

i nformati on el sewhere.

Ordering Instructions: Effective 1 February 1997, the Navy
visual information library mail-order services were
consolidated at the Navy Media Library in Norfolk. The San
Diego library continues to provide over-the-counter services
to the San Diego area only. The videos that can be obtained
from CNET are marked accordingly on the Videotape List. The
medi a center catal ogs describe how to obtain electronic nedia
fromthat center. The Norfolk center issues the Navy Media
Li brary Catal og, and the San Diego center issues the Catalog
of Navy Training Products. Ensure the followi ng information
iIs included in the request for electronic nedia:

Xi



6.

7.

Product Ildentification Nunmber (PIN)

Title

Cl assification

Media format and alternate

Exhi bition date(s) and alternate

Unit Identification Code (U QC

Nane, title, tel ephone nunber

Full mailing address (using zip code + 4)

Medi a Center Addresses and Phone Nunbers

a.

NETPDTC Norfol k Regi onal Electronic Media Center:
Services all NROTC units. Requests for training nedia
may be submtted by mail, fax, or electronic mail at the
foll ow ng addresses. Mst vi deotapes requested by Navy
commands are issued on a permanent or one-way iSsue.
Commer ci al / Copyri ghted vi deot apes, 16mm fil nms, and
sound/ sl ide prograns are provided on a two-week tenporary
loan. A return date will be indicated on the shipping

i nvoi ce for those videotapes which nust be returned.

Mai | i ng Address

NETPDTC Norfol k Regi onal El ectronic Media Center
448 Bul | pup Street, Suite 100
Virginia Beach, VA 23461-2106

Phone: DSN 564-4011/ 1468 Comm (757) 444-4011/ 1468
Fax: DSN 492- 6587 Comm (757) 492-6587

| nt ernet E-Mil

donna. kerl ey@nt p. cnet. navy. m |
steve. freeman@nt p. cnet. navy. m |

NETPDTC San Di ego Regi onal El ectronic Media Center:
(Over-the-counter service for San Diego area only)

NETPDTC San Di ego Regi onal El ectronic Media Center
921 West Broadway
San Di ego, CA 92132-5105

Phone: DSN 522-1360 Comm (619) 532-1360
Fax: DSN 522-1130 Comm (619) 532-1130

Some Hol | ywood and ot her commercial novies contain materi al
relevant to this course. Students often find such novies
interesting and normal ly questions abound. C ass discussions
can be lively and may help to separate fact fromfiction in
matters surroundi ng naval operations and protocol. Sone

novi es that may be suggested for view ng outside of class

Xi



i nclude, "Top Gun," "Crinmson Tide," "The Hunt for Red
COct ober,"” and "Courage Under Fire."

NOTE: The instructor should review the identified video tape
during class preparation and decide how to best use it in class
to enhance the students’ overall |earning experience. Because of
tinme constraints, instructors are encouraged to use only short
segnents of the video material |isted.

PI N TI TLE YEAR TIME AVAIL

Lesson Guide 7: Case Study: USS Vincennes

CNET "7 Mnutes That Stunned the Navy" 1993 50 N A
Arts and Entertai nment Network docunentary regarding
the USS Vi ncennes shootdown of Iran Air Lines, Flight
655.

Lesson Guide 10: Principles of Underwater Sound

11184DN "Underwat er Sound Raypath Theory" 1974 20 BOTH

Despite its age, this video includes a good descrip-
tion of sound waves, sound propagation, and sound
pat hs. Describes the use of sonar in detection and
ASW and the use of aircraft in ASW

Lesson CGuide 11: Underwater Detection and Tracki ng Systens

35798DN "Tracking the Threat" 1980 23 BOTH

Descri bes tracking and destroying a submarine threat
usi ng several U. S. Navy platforns and ASWt echni ques.

Lesson CGuide 12: Mlitary Expl osives/Warheads

35368DN "Devel opment of Mlitary 1981 17 BOTH
Expl osi ves"

Lesson Cuide 14: Cui dance and Control Principles

35362DN "Laser Weapons for the Fleet” 1979 20 BOTH

CNET "War shi p" 1991 30 N A
An excel l ent description of surface warfare el ec-
troni cs and weapons. Based on the capabilities of the

USS Lake Chanplain. Use the section on Tomahawk
gui dance systens.
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Lesson Guide 17: Launchi ng Systens

68103DN "Har poon Antiship Wapon Systent 1978 10 BOTH

34648DN " Tomahawk™ 1976 3 BOTH

802298DN "Sea Warriors” 1988 15 BOTH
A description of surface warfare based on the early
Ti conderoga class cruisers (non-VLS). Good discussion
of the Ticonderoga as a nulti-mssion platform Use
the section on the transfer and | aunching of an SM 2MR
m ssil e.

CNET "War shi p" 1991 30 N A
An excel |l ent description of surface warfare el ec-
troni cs and weapons. Based on the capabilities of the
USS Lake Chanpl ain. Shows several different |aunchers,
i ncl udi ng those for Harpoon and Tomahawk.

Lesson Guide 20: U S. Navy and Marine Corps Platforns and

Weapons

35206DN "Top @un” 1984 14 BOTH

68014DN " LHA" 1979 19 BOTH

805240DN "Today's Submari ne Force" 1992 19 BOTH
Expl ains the different m ssions and capabilities of a
submari ne.

804818DN "Sea Power for the 90's" 1990 18 BOTH
Expl ains the use of U S. naval forces in nodern-day
conflicts. |Includes discussion on the new m ssions of
t he Navy.

802298DN "Sea Warriors” 1988 15 BOTH
A description of surface warfare based on the early
Ti conderoga class cruisers (non-VLS). Good discussion
on the Ticonderoga as a nulti-mssion platform

CNET "War shi p" 1991 30 N A

An excel |l ent description of surface warfare el ec-
troni cs and weapons. Based on the capabilities of the
USS Lake Chanpl ain.



CNET "Stormfromthe Sea" 1991 67 N A
The U. S. Naval Institute video of the Navy and Mari ne

Corps operations in the Gulf War. Includes interviews
and conbat action footage.
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DEFENSE CONTRACTORS AND OTHER SOURCES OF | NFORMVATI ON

The followi ng defense contractors' public relations offices
and U.S. Navy conmands can answer questions instructors may have
on specific weapons or platforns. They also nmay be able to
supply videos, posters, or brochures. Jane's Naval Wapon
Systens also lists defense contractors with addresses and phone
nunbers.

1. AEGQ S PROGRAM COFFI CE
Public Affairs Oficer
Arlington, Virginia
(703) 602-7249 extension 421
Aegi s weapon system

2. BATH | RON WORKS
Public Rel ati ons Depart nment
Bat h, Mai ne
Susan Pierter
(207) 442-2914
FFG 7, CG 47, DDG 51 cl ass ships

3. HUGHES M SSI LE SYSTEMS COVPANY
Mar ket i ng and Commruni cati ons
Tucson, AZ
Gary Janes, Customer Marketing Representative
(520) 794-2966
GDJanes @CGat e. HAC. com
Hughes M ssil e Systens Conpany products

4. | NGALLS SHI P BU LDl NG
Pascagoul a, M5
(601) 935-3355/3971
Put all questions in witing and fax to:
Ji m Mcl ngval e
FAX (601) 935-5766
DD 963, CG 47, DDG 51, LHA-1, LHD-1 class ships

5. LOCKHEED MARI ETTA (Government El ectronic Systens Division)
Moor est own, NJ
El eanor Goodman
(609) 722-3454
Aegi s weapon system

6. LOCKHEED MARTI N CORPORATI ON
Charles Manor, Vice President of Public Relations
6801 Rockl edge Drive
Bet hesda, MD 20817
(301) 897-6258 Phone
(301) 897-6552 Fax
Lockheed aircraft, weapons, EW equi pnrent and radar
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7. MCDONNELL- DOUGLAS CORPORATI ON
St. Lours, MO
(314) 947-6722 (Harpoon m ssile)
(314) 232-8203 (F/ A-18)
McDonnel | - Dougl as m ssiles and aircraft

8. SANDERS, A LOCKHEED NARTI N COVPANY
Nashua, NH
Joseph Wagovi ch
(603) 885-2816/2817
Sanders radar and surveill ance systens, integrated
def ense count ernmeasure systens, ASW systens

9. SURFACE WARFARE OFFI CERS SCHOOL COVMVAND
Conmbat Systens Depart nent
Naval Education and Training Center
Newport, R 02841
(401) 841-4962/ 4963/ 4964/ 4965 DSN. 948-4962/ 3/ 4/ 5

Division Oficer's School

Naval Education and Training Center
Newport, R 02841

(401) 841-2509 DSN:. 948- 3055

10. UNI TED DEFENSE (fornerly FMC Cor porati on)
Armanent Systens Division
Mar ket i ng Communi cati ons
M nneapolis, MN 55421
Ri ck Sni der, Manager of Marketing Comruni cations
(612) 572-7947 FAX: (612) 574-0114
Shi pboard main armanent, 5-inch/54-caliber gun system
gui ded-m ssi |l e | aunchi ng systens

11. UNI TED STATES NAVAL ACADEMY
Weapons and Systens Engi neering Depart nment
105 Maryl and Ave
Annapol is, MD 21402-5025
(410) 293-6101
DSN. 281-6101

12. WESTI NGHOUSE ELECTRI C CORPORATI ON
Naval Systens Division
Public Rel ations
Cl evel and, OH
(216) 692-5112
Tor pedoes (Mk-48, M-48 ADCAP)

XVi i



TRANSPARENCY SERI ES

For transparencies, wuse the NROITC Naval Ships Systens |II
(Weapons), CNET P1550/11 (Rev. 6-94), Transparency Masters.
These transparencies are nunbered based on the 6-94 revision of
this course. The list below indicates which | esson these trans-
parenci es support in this revision. There are sone transparen-
cies that have been elimnated as they no longer apply to the
| essons in this course.

Lesson Guide 1: Introduction/Wapons System Overvi ew

1-2 Weapons system concept

1-3 Bl ock diagramof a sinplified mssile control system
1-5 Def ense in depth for ASW operations

1-6 Area defense and poi nt defense

Lesson CGuide 2: Energy Fundanental s

2-1 Characteristics of a radi o wave assum ng a frequency
of 3 hertz

Met hods of plotting wave characteristics

The el ectromagneti c frequency spectrum

Generation of el ectromagnetic radiation

Formation of electric and nmagnetic fields around an
ant enna

Refl ecti on

Trappi ng/ Ducting, diffraction, attenuation

Rel ati onshi p between skip zone, skip distance, and
ground waves

2-10 Earth' s at nosphere

NN DN I}JI\JI\JI\J
[(o el N| GbrhwWN

Lesson Guide 3: Radar Principles and Systens

Pul se transm ssion

Pul se width and pul se repetition rate

Range paraneters verses range

Formation of a time base

Pul sed echo radar bl ock di agram

Doppl er Theory

CWradar bl ock di agram

El ect romagneti c energy nodul ati on techni ques

Hal f - wave di pol e ant enna

Br oadsi de array

Radi ati on patterns with and without parasitic reflector

Beam wi dt h and target position accuracy

Adj usting vertical beam and horizontal beam for
accuracy

Summary of radar performance factors

Radar i ndi cator displays

1
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1
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Lesson Cui

de 4. Feedback Control/Automatic Tracking Systens

AR BAD -ll> AR BAD
PP O ~ ORNE

= O

Control system el enents

Digital conputer organization

Negati ve feedback control system

Rel ati onshi p between the |ine-of-sight and the tracking
l'i ne

Bl ock di agram of a typical automatic tracking system
enpl oyi ng a radar sensor system

Shorted del ay-1ine range error detector

Coni cal scanni ng

Coni cal scanning with target on tracking line

Coni cal scanning with target displaced fromthe
tracking line

4-12 Monopul se radar system Anplitude changes

Lesson Guide 5: Track-While-Scan (TW5)

5-1 Track-whil e-scan vol unetric w ndows

5-2 Track-whi | e-scan processi ng

5-3 Sinmplified conmputer target track file

5-4 Sinmplified track-while-scan al gorithmflow di agram
Lesson Guide 6: Electronic Scanning and the Phased Array
6-1 Beam posi ti oni ng al ong, above, bel ow the boresight axis
6- 2 Ti me del ay scanni ng

6- 3 Frequency scanni ng

6- 4 Phase scanni ng

Lesson Guide 8: Electronic Warfare

NN NN
PO 0O~N OURAWN

Functional relationships of electronic support neasures

Functional relations of electronic counterneasures

Ef fective and ineffective janm ng

Spot, barrage, and sweep janmm ng

The effect of bandw dth on jammer spectral power
density

Jamm ng tactics

Range deception as it would appear on an air surveil -
| ance radar scope

Syst em degradati on with ECM

Functional relations of electronic counter-

count er measur es

Lesson Quide 9: CYMSR

17-1
17-2
17-3

17-4
17-5

Nom nal weapon range and defensive reaction tine

Frequency spectrum Typical uses

Frequency spectrum Propagation on characteristics and
typi cal uses

Navy tactical data system

Di spl ay consol es

Xi X



Lesson Cui

de 10: Principles of Underwater Sound

0000000000(?000000000
PPRPOO~NOUITWN -

The three el enents of sound

Longi t udi nal waves

Si mpl e | ongi tudi nal wave

Bottom | oss

Patterns of flow noise

Cavi tation

Anbi ent noi se levels (nodified Wenz curves)

D agrammati c view of active sonar equations

D agrammati c view of passive sonar equations

Graphi cal relationship of sound speed to pressure,
salinity, and tenperature

8-12 Expendabl e bat hyt her nogr aph
8-13 Typi cal deep-sea speed profile divided into |ayers
8-14 Sound travel in isothermal water
8-15 Sound travel in water of decreasing tenperature
8-16 Sound travel in water of increasing tenperature
8-17 Layer depth phenonenon
8-18 Sound channel
8-19 Conver gence zone
8- 20 Bot t om bounce
8-21 Possi bl e propagati on paths
Lesson Guide 11: Underwater Detection and Tracki ng Systens
9-1 Sinmplified passive and active sonar operation
9-2 Basi ¢ sonar system
9-3 Sonar system bl ock di agram
9-4 Searchl i ght magnetostrictive transducer
9-5 Mai n conponents of scanni ng sonar
9-6 Scanni ng sonar
9-7 Passi ve sonar functional diagram
9-8 Summary of factors affecting sonar tactical performance
9-9 Tactical towed array sonar (TACTAS)
9-10 Fi ndi ng submarines in shadow zones
9-11 Doppl er degree
9-12 Def ense in depth in ASW operations
Lesson Guide 12: Mlitary Expl osi ves/ War heads
10-1 Nucl ear bursts: Surface burst, deep underwater burst,
air burst
10-2 Typi cal energy distribution for a low altitude air
bur st
10-3 Three stages in the devel opnment of a 100-kil oton
shal | ow underwat er nucl ear bur st
10-4 Cl assification of nuclear bursts according to | ocation
10-5 Hi gh expl osive train
10-6 | sotropi ¢ and non-isotropi c propagation
10-7 Effects of a blast wave at a given di stance from bl ast

center
XX



10-8 Pressure vs. tinme relationship of a blast wave at a
gi ven di stance from bl ast center

10-9 Direct and reflected shock waves for an underwater
bur st

10-10 Formati on of mach wave and triple point

10-11 Three stages in the devel opnment of a 1-negaton air
burst at 6500 feet height

10-12 Basi ¢ construction of a fragmentation warhead

10-13 Ef fect of a fragnmentation warhead on a target at sea

10-14 Ef fect of a fragnentation warhead on a target on | and

10-15 Shaped charge sequence

10- 16 Expansi on of a continuous rod war head

Lesson Guide 13: Fuzing

11-1 Basi ¢ fuze system

11-2 Progressi on of a detonation wave

11-3 Actuation of an inpact fuze

11-4 Mechani cal tinme fuze action

11-5 Fuze classification by node of operation

11-6 Exanpl e denonstrating the principle of an accel erati on-
integration safety and arm ng device

11-7 Projectile forces

11-8 Fuze system redundancy

Lesson CGuide 14: Cuidance and Control Principles

12-1 @ui dance phases of missile flight

12-2 Command gui dance system

12-3 Si mpl e beam ri der gui dance system

12-4 Hom ng gui dance

12-5 Tor pedo programed path

12-6 Crui se mssile programed path

12-7 Accel eroneters in guided mssiles

12-8 Terrestrial guidance

12-9 Current gui dance system exanpl es

12-10 Air-to-air mssile guidance phases

12-11 Pursuit path

12-12 Const ant bearing path

12-13 Proportional navigation flight path

Lesson Cuide 15: Wapon Propul sion and Architecture

13-1 Expl osi ve propellant train

13-2 | mpul se propul sion principles

13-3 Pressure-travel curve

13-4 Pressure-travel and velocity-travel curves

13-5 Degr essi ve burning grains

13-6 Neutral burning grains

13-7 Progressi ve burning grains

13-8 Solid propellant configurations

13-9 Devel opnent of thrust in a rocket notor

13- 10

El ements of a solid rocket notor
XXi



13-11 Axi al flow turbojet

13-12 The turbojet engine

13-13 Low supersoni c ranj et

13-14 Hyper soni ¢ ranj et

13-15 Reacti on notor advantages

13-16 Reaction notor di sadvant ages

13-17 Forces on a missile in flight

13-18 Functional systens of a guided mssile

13-19 Location of conponents in guided mssiles

13- 20 Quided missile definitions

13-21 Control surfaces

13- 22 Architecture of a bullet

13- 23 @un barrel rifling

13- 26 Speci al purpose projectiles: |Illumnation, white
phosphor us

13- 27 Penetrating projectiles

Lesson Guide 17: Launchi ng Systens

14-13 Mk- 32 torpedo tubes

14- 14 Qui ded m ssile launch system M- 26

14- 15 Vertical |aunch system

Lesson GQuide 18: Fire Contro

15-1 How own ship notion affects range and defl ection

15-2 M ss- produci ng effects

15-3 Iterative procedure enployed in a fire control solution

15-4 Fl ow diagram for ballistic procedure considering only

gravity

15-5 Ef fects of transverse w nd

15-6 The way to conpensate for air resistance

15-7 Drift

15-8 Sunmary of the solution to the fire control problem

15-9 Cl ose-in weapon system (Phal anx) cl osed-|oop gunfire
control

Lesson Guide 19: Mne Warfare

22-1 Bottom m ne (typical) and noored mne (typical)
22-2 M nes M-25 and Mk-52 (typical)

22-3 M nes Mk-55 (typical), M-56, and M-57

22-4 M ne M-60

22-5 M nes Mk-62, M-63, M-64, and M- 65

22-6 M ne M-67

Lesson Guide 20: U S. Navy and Marine Corps Platfornms and Wapons

18-1 Ti conderoga cl ass crui ser diagram and information
18- 2 Aegi s weapon system di spl ays

18-3 Aegi s ASW det ection systens

19-1 Spruance cl ass destroyer diagramand infornmation
19-2 Spruance cl ass destroyer di agram

19-4 ASW det ecti on system
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20-1
20-2
21-1
21-2
21-4

Los Angel es-cl ass submari ne di agram and i nformation
Maj or conponents of a typical submarine conbat system
F/ A-18 Hornet diagram and information

F-14 Tontat diagram and information

F-14 Tontat weapons options
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RECOMVENDATI ONS FOR THE | NSTRUCTOR

I nstructor References: The references listed in this
curriculum guide are possible resources for the instructor.
The reference information is abbreviated in the | esson

gui des; full bibliographical information can be found in the
bi bl i ography. It is inperative to keep the |essons and
exanples current by al so reading periodicals such as Surface
Warfare, Proceedings, and Avi ati on Week and Space Technol ogy.
Ref erences to current world events, weapon deploynent in
recent conflicts, and popul ar novies and books add nuch to
this course and |ead to better student understandi ng and

i ncreased interest.

Teachi ng Techni ques: This course lends itself to a variety
of teaching nethods. Experinent with different interactive
| earni ng techni ques, which are far nore effective than the
standard | ecture format. Many instructors have found student
presentations and guest |ecturers (even other instructors
fromthe unit or recent graduates) to be effective nethods of
keepi ng the students interested. Use multinedia
denonstrations as often as possible w thout becom ng
dependent upon themto do the teaching.

Student Assignnments: Instructors should be thoroughly
famliar wth the textbook and the suppl enent before
assi gni ng honewor k or reading.

LTG Guide Organi zation: Lesson topics are grouped in the
sane general order as the textbook. Instructors may shift

t he sequence to derive maxi num benefit from guest speakers,
field trips, or other unit education and training activities.

Prof essi onal Core Conpetencies: The instructor should be
thoroughly famliar wth the Professional Core Conpetencies
(PCCs). It is incunbent upon the instructor to ensure al
PCCs are nmastered by the mdshipmen. Wth the perm ssion of
the Professor of Naval Science, the instructor may nodify the
course if the PCCs are net. Instructors should ensure they
are not focusing the course only upon the warfare areas or
platforns with which they are famliar. The m dshi pnen
shoul d | eave this course with an equal understanding of the
pl atforns and weapons used by all four U S. Navy warfare
areas and by the U S. Marine Corps.
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NAVAL RESERVE OFFI CERS TRAI NI NG CORPS
NAVAL SHI PS SYSTEMS |1 (WEAPONS)

LESSON GUIDE: 1 HOURS: 1
TITLE: Introduction/ Wapons Systens Overvi ew
l. Learni ng Obj ectives

A. The student will know the course structure and the
topics to be presented.

B. The student will know the course policies, require-
ments, and the purpose of the course.

C. The student will conprehend the concept, requirenents,
and conponents of naval weapons systens.

. Ref erences and Texts
A | nstructor references

1. Principles of Naval Wapons Systens, appendices A,
B, C

2. NROIC Suppl enent to Principles of Naval Wapons
Syst ens Wor kbook, Chap. 1

B. St udent texts

1. Principles of Naval Wapons Systens, appendices A,
B, C

2. NROTC Suppl ement to Principles of Naval \Wapons
Systens Wor kbook: ©hap. 1

1. | nstructi onal A ds
A. Chal kboar d/ Easel

B. Instructor-devel oped handout s/ syl | abus/transparencies
or Power Poi nt presentation

C. Overhead and/or LCD projector
| V. Suggest ed Met hods and Procedures
A.  Method options

1. Discuss the course objectives and student eval ua-
tion.

2. Present an overview of the sections of the course

with the | ogical progression toward an overal
i ntegrated conbat system

1



B. Procedural and student activity options: Distribute
copi es of student text and course syl | abus.

Present ati on

A. Introduction of instructor, including a short auto-
bi ography of naval assignnents.

B. Discuss course policies, requirenents, and grading
pr ocedur es.

C. Discuss the purpose of the course and rel ate course
structure with naval assignnments for junior officers.

D. Have students with previous experience discuss weapons
systens encount er ed.

E. Present an overview of the course.

1. Professional core conpetency objectives for the
cour se

2. Lesson topics

3. Basic definitions: Wapons, weapon system
ordnance

4. System of classification and nonencl ature of naval
weapons and pl atforns

F. Introduce and explain the concept of a weapon system
1. Purpose of weapon systens
2. Single or nultiple weapons
3. Conponents of a weapon system

a. Units that detect, locate, and identify the
target (exanple: radar)

b. Units that direct or aima delivery unit
(exanpl e: computer and tracking systemn

c. Units that deliver or initiate delivery of the
weapon to the target (exanple: [|aunching

systen)

d. Units that destroy the target when in contact
with it or near it (exanple: mssile)

G  Explain weapon systens requirenents.

1. Mlitary requirenents



2. General characteristics
a. Reliability
b. Flexibility
c. Safety
d. Sinplicity of operation
e. Mintainability

H. I ntroduce appendices in basic text for student
fam liarization of weapons systens termn nol ogy.

. Summary



NAVAL RESERVE OFFI CERS TRAI NI NG CORPS
NAVAL SHI PS SYSTEMS |1 (WEAPONS)

LESSON GUI DE: 2 HOURS: 2

TI TLE:
l.

Ener gy Fundanental s

Learni ng Obj ectives

A

The student will conprehend the basic application of
el ectroni cs systens, conmunications theory, and el ec-
tromagnetic wave theory to maritinme and naval applica-
tions in radars, conmunications, and radi o-navigation
syst ens.

The student will conprehend radar and radi o wave
parameters, including frequency, period, wavel ength,
coherency, velocity, and anplitude.

The student will know and be able to apply radar and
radio wave theory, including:

1. Maxwell's Theory

2 Rel ati onshi p bet ween wavel ength and frequency
3. Relationship between wavel ength and velocity
4

Rel ati onshi p between frequency and wave propagati on
pat hs

5. Relationship between frequency and period

The student will conprehend the basic operation of a
sinpl e radar/radi o system including:

1. The concept of the generation of electronmagnetic
ener gy

2. Polarization

The student will conprehend the concepts of tinme and
di stance as they affect wave phase angle and construc-
tive/destructive interference.

The student will know basic el ectromagnetic inter-
ference factors in ship and weapon desi gn.

The student will know el ectromagnetic wave propagati on,
i ncluding the principles of reflection, refraction,
diffraction, and ducti ng.

The student will know the definition of the effects of
ground pl ane, free space, re-radiation, sky waves,
space waves, ground waves, and tropospheric waves.



The student will know the fundanental neans of
inmparting information to radi o waves and will conpre-
hend t he uses, advantages, and di sadvantages of the
vari ous neans.

Ref erences and Texts

A

B.

I nstructor references

1. Principles of Naval Wapons Systens, Chap. 1

2. Introduction to Radar Systens, Chaps. 1, 2, 7, 11,
12

Student text: Principles of Naval Wapons Systens,
Chap. 1

| nstructional Aids

A
B.

C
D.

Chal kboar d/ Easel

I nstruct or-devel oped handouts and transparenci es or
Power Poi nt presentation

Over head and/ or LCD projector

Transparencies: Course series

Suggest ed Met hods and Procedures

A

B.

Met hod opti ons

1. Lecture and denonstration

2. Discussion

Procedural and student activity options
1. Study assignnent

2. Reading assignnent: Student text, Chap. 1

Present ati on

A

| nt roducti on

1. Radar is an acronymfor radio detection and
rangi ng.

2. Radar is an electromagnetic wave that acts |i ke any
ot her el ectromagnetic wave (radio, light, etc.).

3. Apply the concepts in |essons two and three to

radar, conmunications, and radi o/ navigati on sys-
tens.



Di scuss the use of electronic systens, comuni cations,
and el ectromagnetic waves in maritime and naval sys-
t ens.

Di scuss the characteristics of traveling waves and how
they interrel ate.

1. Frequency
2 Peri od

3 Wavel engt h

4 Coher ency

5. Velocity

6 Anpl i t ude

Di scuss Maxwel | *'s Theory.

1. An accelerating electric field will generate a
ti me-varying magnetic field.

2. Atinme-varying magnetic field will generate a tine
varying electric field.

Briefly explain how el ectromagneti c waves are
gener at ed.

Di scuss constructive and destructive interference.
1. Phase difference due to different distances

2 Phase difference due to tine difference

3. Using interference to maxim ze efficiency
4

Consi dering el ectromagnetic interference factors in
shi p and weapon desi gn

Expl ai n pol ari zati on.

1. Horizonta

2. Vertical

3. Signal Reception

Di scuss propagation paths.
1. Reflection

2. Refraction



3. Diffraction

Di scuss wave propagation and the rel ationshi p between
frequency and di stance.

1. G ound waves

Sky waves

Space waves

Tr opospheri c waves
G ound pl ane

Free space

Re-radi ati on

o N o o & w0 D

scuss transm ssion range factors.
Ant enna hei ght
Tar get hei ght
Ducti ng

W bR

Losses due to spreadi ng and absorption

Di scuss the neans of inparting information to radi o/
radar waves.

1. Anplitude nodul ation
2. Frequency nodul ation
3. Pul se nodul ation

Sunmary



NAVAL RESERVE OFFI CERS TRAI NI NG CORPS
NAVAL SHI PS SYSTEMS |1 (WEAPONS)

LESSON GUI DE: 3 HOURS: 3

TI TLE:
l.

Radar Principles and Systens

Learni ng Obj ectives

A

The student will conprehend the basic operation of a
si npl e pul se radar system

The student will know the follow ng terns: pulse
wi dth, pul se repetition frequency, carrier frequency,
peak power, average power, and duty cycle.

The student will know the bl ock diagramof a sinple
pul se radar systemand will conprehend the major conpo-
nents of that system

The student will conprehend the basic operation of a

si npl e conti nuous wave radar system

The student will conprehend the concept of doppler fre-
guency shift.

The student will know the bl ock diagramof a sinple
continuous wave radar systemand w ||l conprehend ngj or

conponents of that system including anplifiers, power
anplifiers, oscillators, and wavegui des.

The student will conprehend the use of filters in a
conti nuous wave radar system

The student will conprehend the function and charac-
teristics of radar/radi o antennas and beam fornmati on.

The student will conprehend the factors that affect
radar performance.

The student will conprehend frequency nodul ated CWas a
means of range determ nation

The student will conprehend the basic principles of
operation of pul se-doppler radar and MIl systens.

Ref erences and Texts

A

I nstructor references

1. Principles of Naval Wapons Systens, Chap. 2

2. Introduction to Radar Systens, Chaps. 3, 4, 6, 8, 9

Student text: Principles of Naval Wapons Systens,
Chap. 2




| nstructional Aids
A. Chal kboar d/ Easel

B. Instructor-devel oped handouts and transparencies or
Power Poi nt presentation

C. Overhead and/or LCD projector
D. Transparencies: Course series
Suggest ed Met hods and Procedures
A.  Method options
1. Lecture and denonstration
2. Discussion
B. Procedural and student activity options
1. Study assignnents
2. Reading assignnent: Student text, Chap. 2
Presentation

A. Discuss the basic operation of a sinple pulse radar
system

B. Describe pul se radar paraneters.
1. Pulse wdth (PW
a. Tinme of one pul se
b. Effects of varying PW
(1) Maxi mum range
(2) M ninmum range
(3) Range resol ution
2. Pulse repetition frequency (PRF)
a. Pulses per second
b. Effects of varying PRF
(1) Maxi mum range
(2) Accuracy

c. Relation to pulse repetition tinme (PRT)

9



3. Peak power
a. Maxi mum si gnal power of any pul se
b. Affects maxi numrange of radar
4. Average power
a. Total power transmtted per unit of tinme
b. Relationship of average power to PWand PRT
5. Duty cycle
a. Ratio PW(tinme transmtting) to PRT (time of
entire cycle, time transmtting plus rest
tinme)

b. Also equal to ratio of average power to peak
power

Di scuss the determ nation of range with a pul se radar
Descri be the conponents of a pul se radar system
Synchroni zer

Transm tter

Ant enna

Dupl exer

Recei ver

Di splay unit

Power supply

o N o o & w0 N kF

i scuss the basic operation of a sinple continuous wave

CW radar.
Doppl er frequency shift

|_\’-\

a. Source noving towards target
b. Source noving away fromtarget
c. Stationary/ Myving target

2. Advant ages and di sadvant ages over pul se radar
system

Descri be the conponents of a CWradar system

10



1. Two antennas (transmt, receive)

2. Gscillator or power anplifier

3. M xer

4. Amplifier

5. Discrimnator

6. Indicator

7. Filters: Noise reduction

Di scuss radi o/ radar antennas and beam formati on.
1. Half wave dipole (basic radiating el enent)
2. Beam power distribution

3. Beamrequirenents

4. Methods of obtaining directivity

a. Linear arrays
(1) Broadside arrays
(2) Endfire arrays
b. Quasi-optical systens
(1) Reflector
(2) Lenses
5. Function of wave guides
Di scuss factors that affect radar perfornmance.
1. Signal reception
Signal -to-noise ratio
Recei ver bandwi dth
Recei ver sensitivity
Pul se shape
Pul se conpression

Power rel ation

®@ N o O &~ 0 N

Scan rate

11



9.

10.
11.
12.
13.
14.

a. Mechanica

b. Electronic

Beam wi dt h

Pul se repetition frequency
Carrier frequency

Ant enna gain

Ant enna aperture

Radar cross section of target

Di scuss conbi ned radar systens.

1. Frequency nodul ated CW
2. Pul se doppl er radar

3. MIl systens

Sunmary
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NAVAL RESERVE OFFI CERS TRAI NI NG CORPS
NAVAL SHI PS SYSTEMS |1 (WEAPONS)

LESSON GUI DE: 4 HOURS: 2
TI TLE: Feedback Control/Automatic Tracki ng Systens
l. Learni ng Obj ectives
A. The student will know the definitions of the follow ng
terms: input, output, feedback, error, open |oop, and

cl osed | oop.

B. The student will conprehend the advantages of cl osed-
| oop control in a weapon system

C. The student will conprehend the difference between the
| i ne-of -sight (LOS) and the tracking |ine.

D. The student will conprehend the operation of a sinple
automati c tracking system

E. The student will conprehend the concepts, advantages,
and limtations of conical scan, conical scan on
receive only (COSRO), and nonopul se.

F. The student will conprehend stabilization as associ ated
wi th tracking systens.

G The student will know the difference between range
tracki ng and angl e tracking.

. Ref erences and Texts
A | nstructor references

1. Principles of Naval Wapons Systens, Chaps. 3, 5

2. Introduction to Radar Systens, Chap. 5

B. Student text: Principles of Naval Wapons Systens,
Chaps. 3, 5

I, | nstructional Aids
A. Chal kboar d/ Easel

B. Instructor-devel oped handouts and transparencies or
Power Poi nt presentation

C. Overhead and/or LCD projector
D. Transparencies: Course series

| V. Suggest ed Met hods and Procedures

13



A

B.

Met hod opti ons

1. Lecture and denonstration

2. Discussion

3. Sanpl e problens

Procedural and student activity options
1. Study assignnent

2. Reading assignnent: Student text, Chaps. 3, 5

Present ati on

A

Descri be control systemterm nol ogy.
| nput

Qut put

Feedback

Error

Qpen- | oop control

L A

Cl osed- | oop control

Di scuss the advant ages of cl osed-1oop control in weapon
syst ens.

Expl ain the concepts of feedback in weapon systens\
control .

I ntroduce automatic tracking systens (relate to feed
back control).

1. Target tracking paraneters
a. Azinuth
b. Elevation
c. Range
d. Relative target velocity
2. Line-of-sight (LOS)
3. Tracking line
Descri be angl e-tracki ng servo systens.

1. Five basic functions
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a. Sense position error nmagnitude and direction

b. Provide position feedback

c. Provide data snoothing/stabilization

d. Provide velocity feedback

e. Provide a power-driving device
2. Uses of angle-tracking servo systens

a. Mnotrack fire control radars

b. Homing mssiles

c. Acoustic hom ng torpedoes

d. Aviation fire control tracking systens
3. Methods of tracking

a. Conical scan

b. Conical scan on receive only (COSRO

c. Monopul se

4. Discuss the advantages and limtations of each
system

Di scuss data snoot hing and stabilization.
1. Unstabilized

2. Partially stabilized

3. Fully stabilized

Di scuss the differences between range tracki ng and
angl e tracki ng.

Sunmary
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NAVAL RESERVE OFFI CERS TRAI NI NG CORPS
NAVAL SHI P SYSTEMS |1 ( V\EAPONS)

LESSON GUI DE: 5 HOURS: 1
TITLE: Track- Wil e-Scan (TWS)

l. Learni ng Obj ectives

A. The student will conprehend the central concept of a
TW5 system

B. The student will know the six basic functions of a TW5
system

C. The student will conprehend the concepts of acquisi-

tion, tracking, and turning gates.

D. The student will know the structure and purpose of a
track file.

E. The student will conprehend the basic nethod of track
gate prediction, snoothing, and positioning.

. Ref erences and Texts
A | nstructor references

1. Principles of Naval Wapons Systens, Chap. 6

2. Introduction to Radar Systens, Chap. 5

B. Student text: Principles of Naval Wapons Systens,
Chap. 6

I, | nstructional Aids
A. Chal kboar d/ Easel

B. Instructor-devel oped handouts and transparencies or
Power Poi nt presentation

C. Overhead and/or LCD projector
D. Transparencies: Course series
| V. Suggest ed Met hods and Procedures
A.  Method option
1. Lecture and denonstration
2. Discussion

B. Procedural and student activity options
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1. Study assignnent

2. Reading assignnent: Student text, Chap. 6
Presentati on
A.  Introduction

1. Discuss the limtations of traditional search
r adar .

2. Discuss the problens associated with tracking a
target with a fire control radar.

a. The target knows it's being tracked.

b. The target can initiate electronic attack or
el ectroni c protection.

c. The target can use weapons that honme in on
t he radar.

B. Describe the central concepts of track-while-scan
(TWS) .

1. The sensor continues to performprimary function of
search (scanning) and data input.

2. The remai nder of system perfornms target tracking
function.

3. El i mi nates process of target designation from
search radar to fire control radar

C. Explain the fundanental s of TW&.

1. Six basic functions performed by a TWS system
a. Target detection
b. Target track correlation and associ ation

c. Target track initiation and track file
generation

d. Ceneration of tracking gates

e. Track gate prediction, snoothing, and
posi tioni ng

f. Display and future target position cal culation
2. TW5 gates

a. Acquisition gate
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b. Tracking gate
c. Turning gate
3. Track initiation and track file generation
a. Initiation of track file
b. Updating the file

4. Gate positioning and snoothing functions (conpare
with servo tracking systens)

Di scuss the advantages of a TW5 radar system
Briefly discuss real world applications.

Sunmary
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NAVAL RESERVE OFFI CERS TRAI NI NG CORPS
NAVAL SHI PS SYSTEMS |1 (WEAPONS)

LESSON GUI DE: 6 HOURS:

TI TLE:
l.

El ectroni ¢ Scanning and t he Phased Array

Learni ng Obj ectives

A. The student will conprehend the basic principles of
el ectroni ¢ scanni ng operation.

B. The student will know the advantages of electronic
scanni ng.

C. The student will conprehend how phase rel ati onshi ps
af fect beam positioning.

D. The student will conprehend the three nmethods of beam
st eeri ng.

E. The student will conprehend the principles of synthetic

aperture radar.
Ref erences and Texts
A | nstructor references

1. Principles of Naval Wapons Systens, Chap. 7

2. Introduction to Radar Systens, Chap. 7

3. "The Ticonderoga Story: Aegis Wrks"

B. Student text: Principles of Naval Wapons Systens,
Chap. 7

| nstructional Aids
A. Chal kboar d/ Easel

B. Instructor-devel oped handouts and transparencies or
Power Poi nt presentation

C. Overhead and/or LCD projector
D. Transparencies: Course series
Suggest ed Met hods and Procedures
A.  Method options

1. Lecture and denonstration

2. Discussion
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B. Procedural and student activity options
1. Study assignnent

2. Reading assignnent: Student text, Chap. 7

V. Presentati on

NOTE: Enphasis should be placed on a theoretical vice nmathemati -
cal approach to electronic scanning and phased array. Although
pertinent, the mathenmati cal approach extends beyond the scope of
t he course.

A. Introduction: Discuss the limtations of TW5 and
nmechani cal scanni ng radars.

B. Discuss benefits of electronic scanning.
1. Increased data rates
2 | nst ant aneous positioning of beans
3. Elimnation of mechanical failures
4

Increased flexibility (simultaneous multinode
oper ati on)

C. Explain the basic principles of operation.
1. Review phase rel ationships
a. Constructive interference
b. Destructive interference
2. Methods of beam steering
a. Tinme delay scanning

(1) Time delay networks between the feed
network and the radiating el enents

(2) Frequency flexibility

(3) High cost, conplexity, weight
b. Frequency scanni ng

(1) Serpentine wave gui de

(2) Inexpensive, relatively sinple, resistant
to jamm ng

(3) SPS-48 air search radar
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Di scuss

Di scuss

Phase scanni ng

(1) Phase-shifting networks between the feed
network and the radiating el enents

(2) More expensive than frequency scanning,
| ess expensive than tine del ay

(3) SPY-1 radar (Aegis weapon systen
synt hetic aperture radar (SAR).

t he advant ages of el ectroni c scanni ng over

mechani cal scanning in target detection and tracking.

Sunmary
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NAVAL RESERVE OFFI CERS TRAI NI NG CORPS
NAVAL SHI PS SYSTEMS |1 (WEAPONS)

LESSON GUI DE: 7 HOURS

TI TLE:
l.

Case Study -- USS Vincennes

Learni ng Obj ectives

A. The student will conprehend the noral and et hical
responsibilities of the mlitary | eader.

B. The student will conprehend a | eader's noral and
et hical responsibilities to the organization and
soci ety.

C. The student will conprehend the rel ationship of

integrity, noral courage, and ethical behavior to
authority, responsibility, and accountability.

D. The student will conprehend the foll ow ng personal
qualities and be able to relate themto a | eader's
ef fectiveness:

1. Loyalty
2. Honor

3. Integrity
4. Courage

Ref erences and Texts

A. Instructor references
1. "High-Tech Horror," Tine, 18 Jul 88, pp. 14-17
2. "Sea of Lies,"” Newsweek, 13 Jul 92, pp. 3

B. Student references

1. Instructor-devel oped handout regarding the
Vi ncennes case

2. "High-Tech Horror"
3. "Sea of Lies"

I nstructional Aids

A.  Chal kboar d/ Easel

B. Instructor-devel oped handouts and transparencies or
Power Poi nt presentation
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C
D.
E.

Over head and/ or LCD projector
VCR/ Moni t or
Vi deot ape: “Seven M nutes That Stunned the Navy”

| V. Suggest ed Met hods and Procedures

A.  Method options:
1. Lecture/explanation of facts by instructor,
foll owed by class discussion
2. Student presentation of facts foll owed by an
instructor-facilitated di scussion
3. Role play
4. Student debate
B. Procedural activities: Research the subject. "High-
Tech Horror" and "Sea of Lies" can be found in nost
school libraries.
V. Present ati on
A. Discuss the events leading to the Vincennes incident.
(See case study at end of this | esson.)
1. Iran-lraq War
2 Attack on the USS Stark
3. The USS Samuel B. Roberts hit a mine in an Iranian
mnefield in April 1988.
B. Discuss the changes in the Rules of Engagenent (ROE) in

the Persian Gulf.

1. Commanding Oficers were authorized to take
positive protective neasures.

2. U S warships did not have to wait for the
eneny to fire first.

3. U S assets required positive identification and
description of intentions fromall aircraft and
shi ps operating in those waters.

4 Wy did the Chairman of the Joint Chiefs of Staff
think this was necessary?

a. Responsibility for American |ives

b. Responsibility for the U S. reputation
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C.

Responsibility for foreign lives

Di scuss the use of force by USS Vincennes prior to the
downi ng of the airbus.

1. Discuss the surface conflict with the gunboats.
Conpar e weapons of the Vincennes to those of the
gunboats. Wre the gunboats really a threat?

2. Were the decisions and actions of Captain Rogers
justified in his use of force against the gunboats?

a.

Consi der control of airspace with extended
range of his helo's antiwarfare weapons.

Was the use of force justified under the ROE?

Was the use of force justified under the Law of
Armed Conflict?

(1) Necessary action
(2) Proportional action

(3) Ethical action

Revi ew the facts surrounding the downing of the Iran
Air airbus airliner by the Vincennes.

Di scuss the | eadershi p consi derations.

1. What was the CO s notivati on?

a.

b.

Defend the crew

Fol | ow t he RCE

| mprove the Navy's inmge

| mprove Anmerica's inage

(1) As a warning to other nations

(2) I'n the eyes of the U S. public

2. Discuss responsibility.

Commandi ng O ficer of USS Vi ncennes
Commandi ng O ficer of USS Sides
O her nmenbers of the two crews

How coul d this incident have been avoi ded?
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e. \Who could have prevented these deat hs?

f. Who was account abl e/ responsi ble for the deaths?
3. Discuss |eadership traits.

a. Exanples of loyalty

b. Exanples of honor

c. Exanples of integrity

d. Exanples of courage, including noral courage

Sunmary
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Vincennes
A Case Study
by
Lieutenant Colonel David Evans, U.S. Marine Corps (Retired)

Captain Mohsen Rezaian was piloting his fully loaded Iran Air Airbus through 13,000 feet on a
routine Sunday morning flight across the Persian Gulf to Dubai, when a burst of shrapnel ripped
off the left wing and tore through the aft fuselage.

We shall never know Captain Rezaian's last moment; but in that instant before oblivion he may
have looked in horror out his left window and thought that the slab of flapping aluminum and
severed hydraulic lines where the wing had been was the result of some sort of structural defect.

It is doubtful that he ever saw the two fiercely burning points of light streaking up at his airplane
-- the Standard missiles launched by the cruiser USS Vincennes (CG-49).

It is also doubtful that Captain Rezaian ever heard the warning messages broadcast by the
Vincennes, or by the frigate USS Sides (FFG-14), about 18 miles from the cruiser. The two ships
were broadcasting on military and international air distress frequencies; and during the busy
climb-out phase of his flight, Captain Rezaian likely was monitoring the approach control
frequency at Bandar Abbas, where he took off seven minutes before, and air traffic control at
Tehran Center.

If he had been monitoring the distress frequencies, the American-educated Captain Rezaian,
although fluent in English, might not have known that the warning transmissions were intended
for him. Indeed, as the Navy's report to the International Civil Aviation Organization (ICAQO)
would later state, only one transmission made by the Sides, just 40 seconds prior to the
Vincennes' missile launch, was clear enough that it could not have mistaken as being intended for
another aircraft.

Besides, Captain Rezaian's Mode 111 transponder, the civilian equivalent of the military's
“identification friend or foe” (IFF) electronics, was broadcasting the unique code of a
“commercial airliner.”

Flying at a speed of about six miles per minute, the Iranian pilot had no way of knowing that
moments earlier he had crossed the 20-mile point where Captain Will Rogers, the skipper of the
Vincennes, had announced to his crew and to other U.S. naval elements in the area, that he would
shoot if the Iranian aircraft did not change course. Captain Rezaian could not have guessed that
by now his lumbering A-300 Airbus had been evaluated in the Vincennes as a diving Iranian F-14
-- the spearhead of a "coordinated attack” from the air from gunboats on the surface -- and that
Captain Rogers had given him an unspoken momentary reprieve by waiting until the airliner was
11 miles from the Vincennes before he authorized firing of the ship's SM-2 antiaircraft missiles.

As torn aluminum and 290 bodies from the shattered airliner rained down on the waters off
Qeshm Island, the pieces fell into place for Captain David Carlson, who as a commander then
was skipper of the frigate Sides. This curious track number 4131, designated an Iranian F-14 by
the Vincennes, simply had not behaved like a combat aircraft.
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Indeed, as Captain Carlson would learn minutes after the Airbus plummeted into the water, the
electronic specialists in the Sides combat information center had correctly identified the aircraft's
commercial transponder code at virtually the same instant that the Vincennes fired her missiles.

Captain Carlson recalled their exclamations: "He shot down COMAIR [a commercial aircraft]!"

To Captain Carlson, the shootdown marked the horrifying climax to Captain Rogers'
aggressiveness, first seen just four weeks before.

The Vincennes had arrived in Bahrain on 29 May and got underway for her first Persian Gulf
patrol on 1 June. On the second day of this patrol, the Vincennes was on the scene when an
Iranian warship (the frigate Alborz) had stopped a large bulk carrier (the Vevey) and had
dispatched a boarding party to search the merchantman for possible war material bound for Iraq.
Although it was within the Iranian skipper's rights to do so under international law, this appeared
to be the first search-and-seizure of the Iran-lraq War.

Simultaneously, the Sides was transiting out of the Persian Gulf to rendezvous with an inbound
merchant vessel for a routine escort mission. Then-Commander Carlson had arrived on board
the frigate by helicopter only four days earlier to relieve Captain Robert Hattan. Both men were
in the Sides' combat information center (CIC).

As Sides approached the scene, it appeared to Captain Hattan that the Vincennes was too close to
the Iranian frigate. "Hattan didn't like the picture. We were not at war with Iran, and Hattan
understood the need to deescalate the situation whenever possible,” Captain Carlson would later
relate.

Nevertheless, the situation soon deteriorated when the Vincennes took tactical control of the
Sides.

Captain Hattan recounted that "Rogers wanted me to fall astern of the Iranian frigate by about
1,500 yards. | came up on the radio circuit and protested the order from the Vincennes. | felt that
falling in behind the Iranian [warship] would inflame the situation."

Captain Carlson added: "This event has to be put in its proper context. Less than two months
earlier, half the Iranian Navy was sunk during operation Praying Mantis, and our government had
been making strong statements about America's determination to protect neutral shipping. Now
what does the Iranian skipper see? He's conducting a legal board-and-search, and here's an Aegis
cruiser all over him. Next, an American frigate joins the action. Incidental to all this, Hattan
knew that a U.S. reconnaissance aircraft was scheduled to fly over the area, which the Iranian
might well detect on his air search radar. Hattan also knew that two other U.S. warships were
behind us